Abstract. We consider the problem of heat and mass transfer in porous catalyst pellets. Both the steady and time dependent operating characteristics are studied. Accurate approximate equations are derived from the basic governing equations of motion. A nonlinear stability analysis is employed to account for the observation that under certain conditions reactions on catalyst pellets can pass transiently stably into a region which would correspond to instability in the steady state. One consequence of our analysis is a possible control mechanism which inhibits temperature runaway by extending the stable operating characteristics desirable in modern reactors.
1. Introduction. It is well-known that under certain conditions multiple steady states occur when exothermic reactions are carried out in a porous catalyst pellet. For such a reaction inside a tubular reactor a typical response diagram (the behavior of the amplitude of the temperature Ilvll as one of the parameters, the Damkohler number D, varies) is given in Fig. 1 . The upper and lower branches of the curve are stable, while the middle branch is unstable. If D is increased past DA, or if the temperature is increased above the middle branch, the temperature undergoes a jump (an ignition) to the upper branch. This is sometimes referred to as temperature runaway. Similarly, if D is decreased below DB or if the temperature is decreased below the middle branch, the temperature undergoes a jump (an extinction) to the lower branch. Thus the system exhibits a hysteresis effect.
In certain types of reactions on the pellets, where the upper temperature branch represents an undesirable state corresponding to interphase mass transfer, temperature runaway is to be avoided. That is, even though the upper branch is stable in the usual sense, it may be undesirable in some applications to have the reactor operate at such high temperatures. In these cases it wohld be desirable to prevent runaway. teadj 
where g(v) is of the form illustrated in Fig. 2 . In Appendix A we show that a similar approximation can be derived for fluctuating temperature and concentration fields. In this section we shall study (2.9) when there are small sinusoidal fluctuations in the external temperature; namely T(t)= h +/3 sin tot.
(2.9)
Here C(x, t) is the concentration. T(x, t) is the temperature, the functions t(t) and T(t) are known functions representing the temporal variations of the surrounding concentration and temperature fields respectively, and the other quantities are prescribed physical constants.
When C(t)= const., C. McGreavy and J. M. Thornton [1] , [2] present arguments to show for all practical values of the physical parameters, the temperature field is approximately homogeneous in space (i.e., T(x, t)---v(t) for all x in 0<=x _-< 1) and v(t) satisfies the equation Steady state solutions are given by solutions of , g(v), and for nonlinearities of the form illustrated in Fig. 2 we see immediately that there exists one steady state solution for < ,, or , > , *, two steady state solutions for , , or , *, and three steady state solutions for , < < *.
To examine the stability of these solutions we note that (2.11) implies that v' is greater than (less than) zero according as -g(v) is greater than (less than) zero.
Thus, the upper and lower solution branches are stable while the middle branch is unstable., (See Fig. 2. 
This describes an ellipse which represents a limit cycle about the point (v*+ tiP, A*).
Thus we see to what extent the temperature v* can be exceeded without temperature runaway. If the frequency w falls below the critical value Wc, then a(r) becomes unbounded so that the lower temperature branch ceases to be an attractor, and temperature runaway occurs. The ensuing solution can then not be followed by our perturbation technique. The numerical calculations of McGreavy and Thornton [1] show that in this case the upper temperature branch becomes the attractor, and the subsequent temperature is a limit cycle around this branch. This is illustrated schematically in Fig. 2 Here kl, k2, L, b, S, and N are known dimensionless constants (see R. Aris [3] For all practical values of the physical parameters it has been found [2] that the catalyst pellet is essentially isothermal (that is, the catalyst is at a spatially uniform temperature) with the temperature change taking place almost exclusively across a thin fluid film surrounding the catalyst. In a porous catalyst pellet the steady state distribution of concentration is very rapidly reached, and thus, to a first approximation (A.1) becomes (A.9) O= Au-f(u, v). With the pellet isothermal (A.9) can be viewed as an equation for the concentration u (with v as a parameter). Once u is found it is evaluated on the boundary and substituted into (A.13)which then reduces to the form of (2.10). Therefore, we see that the pellet surface temperature and temperature in the fluid film for a porous catalyst pellet is given by the solution of (2.10).
